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(71) We, RESEARCH CORPORA- 
TION, a Corporation of the State of New 
Yoric, United States of America, having a 
place of busineffi at 405 Lexington Avenue, 
5 New Yoric, State of New York, United States 
of America, do hereby declare the invention, 
for which we pray diat a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 

10 in and by the following statement: — 

Our earlier researches have shown that 
various platinum coordination compounds for 
example malonato-pladnum compounds, are 
useful as anti-tumor agents and in the treat- 

15 ment of viral conditions. These platinum co- 
ordination compounds suffer from the dis- 
advantages of (1) having a higji level of renal 
toxicity, and (2) a low solubility in water. 
The latter characteristic renders the prepara- 

20 tion of therapeutically useful compositions 
difficult. 

It has now been discovered diat a certain 
class of platinuni **blue" complexes have a 
high anti-tumor activity, are soluble in water, 

25 and have a low level of renal toxicity. 

The prior art has long been aware of the 
so-called "platinblau" complexes. Credit for 
the discovery of "Platinblau", as these blue 
complexes were designated, is usually given to 

30 Hofmann and Bugge (Ber. 41i 312—314, 
1908). They reacted AgaSO^ vrith the yellow 
platinum (II) coordination compound, 

pt(CH3Cisr)2a2 

in aqueous solution and isolated a deep blue, 
35 amorphous material. It was though to be 
monomeric in nature, containing platinum in 
the divalent state. Since this discovery only a 
few papers have appeared concerning fur- 
ther studies on "Platinblau" and similar blue 
40 products. Gillard and Wilkinson (J. Chem. 
Soc., 2835—37, 1964) postulated that 
"Platinblau" had the empirical formida 

Pt(CH3C0NH), . H»0 
with polymeric, chains, bridging acetamide 
45 groups, and divalent platinum. Brown et al 



(JA.C.S. 91:11: 2895—2902, 1969 and 
90:20: 5621—5622, 1968) have attempted to 
demonstrate diat it is a platinum (IV) com- 
plex containing chelating acetamide ligands, 
and hydroxyl groups in' tiie other two coordi- 
nation positions. We have foimd that both blue 
and purple products could be isolated from 
the "Platinblau" reaction, with the purple 
species being the more h^hly oxidized {vide 
infra). Thus, there is considerable controversy 
over the exact nature of this complex. Brown 
et al (ibid.) have also reported die prepara- 
tion of highly colored amide complexes of 
platinum by heating, for example, trimethyl- 
acetamide and either Pt(CH3CN)2Cl2 or 
KalPtCl^] (a reddish colored salt). From 
this reaction diree components were identified 
by chromatography. TTiese were two yellow 
crystalline materials and a blue amorphous 
powder. Although they reported that th^ 
could not identify any of these products in a 
positive manner, they posmlated that the blue 
niaterial contained tetravalent platinum, with 
bidentate amide anions and chloride ligands 
completing the coordination sphere. 

The only other reference to anomalously 
colored platinum compoimds containing cis- 
amino groups as ligands rather than amides is 
that concerning mixtures of w-dichloro- 
diammineplatinum (II) and sulfuric add 
(Gillard et al, ibid.). Crystals of this blue 
black material were obtained and a preliminary 
X-ray diffraction study showed that the 
Pt — Pt distance was 3.06 A, suggesting strong 
interaction. They concluded that this complex 
contained layers of cw-dichlorodiammineplati- 
num (II) held together by Pt— Pt bonds, widi 
die sulfate ion hydrogen bonded to die coordi- 
nated ammonia groups. 

The present invention is predicated on the 
discovery that the "platinum -blue" complexes 
formed by the reaction of cif-diaquodiammine- 
platinum II with a 2,4-dioxopyrimidine are 
anti-tumor, anti-viral and anti-bacterial agents 
with a low level of renal toxicity and a hi^ 
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degree of solubility in water. 

Suitable 2,4-dioxopyriinidines include diose 
having the fbnnula: 
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wherein: 

Ri and may be die same or different and 
are selected from H, lower aSkyU di-lower 
alkyl amino, di-halo lower alkyl amino, halo- 
gen, hydroxy, hydroxy lower alkyl and carbo- 
loweralko:tg^, 

R3 and R4 may be the same or different 
and are selected from 1^ lower aBgrl ribosyl, 
deo^pnbosy^ triacetyl, tribenzoyl or 2', 3'- 
loweralkylidine ribosyl, ribosyl, ribosyl phos- 
phates and deox3^bosyl phosphates, 

or Ae 5,6-dihydio derivatives thereof. 

In this specification, the terms '^ower 
afkyV\ 'lower aBcoxy" and 'lower aBcylidene" 
respectively mean an alkjd, alkoxy and alkyli- 
dene group having six or fewer caibon atoms. 

The^ invention also relates to a method for 
preparing the platinum- [2,4-dioxopyrimidine] 
complexes by reacting the above-described 
2,4-dioxopyrimidines with dir-diaquodiam- 
mineplatinum (II) wherein the molar ratio of 
pyrimidine to platinum compound is from 2:1 
to 1:1 at a temperature of from 0 to 55®C, 
and for a time sufficient to fonn the complex. 
^ The invention also relates to a pharmaceu- 
tical composition adapted for the treatment 
of tumors, bacterial and viral infections and 
arthritic conditions comprising, in dosage unit 
form, a pharmaceutically acceptable carrier 
and from 0.1 mg/ml to 50 mg/ml of a com- 
plex of 2,4-dioxopyrimidine and platinum 
compoimd as described above. 

The present invention also relates to a method 
for the treatment of tumors and bacterial and 
viral infections comprising the administration 
to a non-human living being afflicted widi the 
malady from 1 mg/kg to 800 mg/kg of body 
weight of the above-described complex. 

Although the complexes of the invention are 
referred to as "platinum blue" complexes for 
purposes of convenience, the products of some 
of die above-described reactions are in reality 
mixtures which are extremely difficult to 
separate. Analysis and moleculav weight de^ 
terminations haye enabled certain conclusions 
to be drawn. 

Grenerally, the complexes contain one P3ni- 
midine molecule per molecule of platimmi. 
For the mo6t part, each complex contains two 
ammonia ligands, one pyrimidine anion and 
one hydroxide ion per platinum molecule, but 
with two addidonal oxygen atoms at an im- 



specifiable location. The 5-fluorouracil com- 
plex is an exception in that it does not contain 
excess oxygen. 

The oir-diammino configuration of platinum 50 
appears to be essential for forming die com- 
plexes of the invention. • 

Although the 2,4-dioxopyrimidine moiety of 
die platinum complex may be variously sub- 
stituted in the 1,3,5, and 6 positions as set 55 
forth above, the preferred complexes are those 
wherein Ri, R2, R3 and R^ are each hydrogen 
and wherein Rj, R^ and R3 are each hydrogen 
and R2 is CH3. Tliese compounds are uracil 
and diymine. *l"he complexes formed by the 70 
reaction of uracil and thymine with cii-diaquo 
diammineplatinum (II) have been found to 
be especially effective anti-tumor, anti- 
bacterial and anti-viral agents. 

As noted above, the exact structure of these 75 
complexes is at present unknown. They are, 
however, extremely soluble in water. They 
may be pre|)ared by reacting the appropriate 
2,4-dioxopyrimidine with c£r-diaquodiammine- 
platinum (II) in an aqueous solution wherein 80 
the molar ratio of 2,4-dioxop3rrimidine to the 
platimmi complex is from 2:1 to 1: at a tem- 
perature in the range of from 0 to 55*'C., pre- 
ferably at room temperature, for a time suffi- 
cient for the complex to form, preferably from 85 
1 to 21 days. The method is preferably carried 
out in an aqueous medium wherein the pH 
ranges from 3 to 8, preferably about 6.5. . 

The most notable characteristic of the 
compounds of the invention is their extreme 90 
solubility in water, i.e,, of the order of 1 g per 
10 ml of water. Their extreme solubility 
renders them particularly adapted for the 
treatment of tumors and bacterial and viral 
infections in living beings. 95 

For example^ the m-diaquodiammineplati- 
num(II)-uracil complex was found to be par- 
ticularly effective against the ascites Sarcoma- 
180 tumor in the Swiss white mouse. The 
toxicity of the complex was extremely low and 100 
die mice tolerated up to 500 mg per kg of 
body weight as a single dose injection of the 
complex without any deaths. 

The complex described above was also found 
to be effective against the Fowl Pox virus 105 
when incubated therewith for extremely short 
periods of time prior to innoculation into an 
embryonated egg as a * system. It was also 
found that the complex could be injected 
into the egg well after the innoculation with 110 
the virus and still prevent development of die 
pox formation typical of a live virus attack 
upon the membrane. 

As another example of the diversified acti- 
vitty of the platinum-uracil complex, it was 120 
tested against E. coli growing in test tube 
cultures. Even at very low concentrations, i.e., 
5 ppm, the bacteria formed clumps and did 
not show filamentation. At higher concentra- 
tions,. i.-e., greater than 40 ppm, the bacteria 125 
were completely killed. 
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The platinum-uradi complex has also been 
found to be effective against the ADJ/PC6 
tumor system. 

The complexes of the invention may be 
5 onnpounded with conventional pharmaceu- 
tical carriers in die preparation of pharma- 
ceutical compositions for the treatmoit of 
tumors, bacterial and viral infections. The 
compositions should comprise;, in dosage unit 
10 form, a pharmaceutically acceptable carrier 
and from 0.1 mg/ml to 50 mg/ml of the 
above-described complex. 

The mode of administration of the plati- ., 
num-uradl and related complexes will depend 
1 5 upon the particular malady to be treated. Solu- 
tions may be administered.by injection via die 
intraperitoneal, intramuscular, subcutaneous or 
intravenal routes, or as a solid, per os. 

The invention is illustrated, hy the following 
20 non-limiting Examples: 

EXAMPLE 1. 
3 grams of di-didilorodiammineplatintmi 
(II) (0.01 moles) and .02 moles of silver 
nitrate in 100 ml of water were stirred over- 

25 night at 23**C. in the dark. The silver removes 
the dilorides from die platinum complex and 
produces 100% yi^ds of the di-diaquodiT 
amnuneplatinum (II). The silver chloride is 
then filtered off. It is necessary to remove all 

30 of the silver ions from solution. A small aliquot 
of the remaining solution is tested for ^cess 
silver by adding a small amotmt of 0.1 molar 
HCl. If the solution turns cloudy the reaction 
has not yet proceeded to completion. When 

35 the solution remains clear, die reaction is con- 
sidered ccHnplete. The solution is then neu- 
tralized with 2.0 normal sodium hydroxide to 
yield a final pH value of between 6 and 7. 
Thra, 1.12 grams of uracil is dissolved in 100 
.40 milliliters of water to form a slurry. The pH 
is then adjusted to 9 with 2.0 normal sddium 
hydroxide and warmed to 50**C to dissolve the 
uracil to give a solution containing .01 moles 
of uracil. The uracil solution is then mixed 

45 with the cts - diaquodiammineplatinum(II) 
complex to provide a 1 to 1 ratio on a mole- 
cular basis of the two reactants. The pH is 
adjusted to between 6 and 7. The vessel is 
stoppered, covered with aluminum foil, and 

50 placed in a water bath at 37**C for a period of 
one week to complete the reaction. A blue color 



forms after approximately 24 hours. After one 
week there is a small amount of blue precipi- 
tate. The soluticm is cooled to near 0^ over- 
night and a lai^e amount of a blue predpi- 55 
tate forms. This is filtered, and washed with a . 
very small amoimt of cold water. The filtrate 
is washed three times with large amounts 
(approximately ISO milliliters each time) of 
200 proof, boiling ethanol to remove excess 60 
uracil that may be present. After the diird 
wash the ethanol when cooled should remain 
clear, indicating no further free uracil in solu- 
tion. Hie filtrate is air dried, then vacuum 
dried for 12 hours at 40*'C. The result is a 55 
dark blue, powdery, pure sample of the 
Platinum-Uradl complex. 

The supernatant liquid from the initial fil- 
tration was evaporated to about 25% of its 
original volume and an equal volume of ethanol 70 
was added. Cooling to 0**C. gave more blue 
precipitate and a dark-green solution. The blue 
precipitate was filtered and die filtrate further 
concentrated. The addition of more ethanol 
gave a pale-green precipitate;. . . . ^ 75 

Obviously, therefore, the method of the in- 
vention yields a comply mixture of **platinum 
blue" compoimds. It is to te understood, how- 
ever, that the invention includes all of the 
diverse components of the reaction mixture, 80 
whedier in admixture or in isolated form. 

Generally, the first derived precipitate, i.e., 
the blue precipitates are less soluble in water- 
ethanol mixtures. The seomd derived com- 
ponent is more soluble in water-ethanoL 85 

Example 2. 
The procedure of Example 1 was followed 
utilizing 2', 3', 5'-triacetyluridine except that 
the solution was evaporated to dryness and 
the complex dissolved in ethanol. Addition of 90 
ether gave a dark-blue hygroscopic precipitate 
which was collected and washed widi ether. 

Examples 3—13. 
The procedure of Eicample 1 was followed 
in preparing the complexes set forth in Table 95 
1. The Elemental Analyses of the complexes 
of Examples 1 and 3 — 14 are also set forth . 
in Table 1. The compounds obtained at the 
first precipitation are referred to as "Class 
lA" compotmds; those obtained at die second 100 
precipitation are r^erred to as "Class IB" 
compotmds. 
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Some of the '^latiniim blue" complexes of 
the mventioii aie belieyed to be mixtures of 
oHgomeric sped^ including monomers, dimers 
and trimers. 

c It is, for lias reason, difficult to inteipret 
the in&aioi spectra of the complexes with 
regpd to structural features. They are charac- 
terized by the fact that they have an absorp- 
tion band in the visible red region^ consisting 

IQ eitbst of a single or a double peak which im- 
parts the characteristic green, blue or violet 
color to the various complexes. An absorption 
spectrum of the cts-diaquodiammineplatinum 
(Il)-uracil complex as prepared kbove is 

^5 shown in the accompanying drawing. It can 
be assumed from the infrared spectra that 
the ammine ligands are present and that a 
ring structure still exists. While possessing 
high solubilities in water, the complexes have 

20 very limited solubilities in solvents such as 
dimethylformamide and dimethylsulf oxide. 

X-ray diffraction and electron difEraction 
analyses of die platinum-iuradl complex show 
a completely amorphous materiaL 

25 Conductivity tests suggest ^t the com- 
plexes are neutral s}?ecies. 

TTie visible spectra of a number of different 
samples of die platinum-uradl complexes were 
measured on a Gary 15 Spectrophotometer in 

30 aqueous solution in 1 cm quartz cells at con- 
centrations of 10 mg/10 ml (1 mg/ml). For 
a sample which analj^zed to have a M.W.= 
1200 the spectrum contained a broad band 
centered at 722 nm with adsorbance ^0.9 and 

35 a broad shoulder at 582 nm (OJ). = 0.74). A 
sample believed to be a monomeric species 
(m.w. ^400) had a broad shoulder at 617 nm 
(bJD. = 0.6), a broad band at 563 nm (O.D. 
= 0.62) and a band at 468 mn (O.D. = 0.42). 

40 The proton magnetic resonance spectra of 
the platinum-uradl, thymine and 5,6-d2methyl- 
uraoll^nnplexes samples were recorded in a 
Varian A56/60 Spectrometer in D2O solu- 
tion using DSS (a water soluble form of 

45 TMS) as internal reference (set to 0 ppm). 
Tlie pladmmiruracil complex exhibited a sharp 
doublet centered at 2.84 ppm (peaks at 2.76 
and 2.92 ppni), a peak due to the solvent 
at 4.47 ppm and a weak broad (1 ppm wichh 

50 at half height) at 7.69 ppm. For the Pt- 
Thymine complex, with the solvent p^ ad- 
justed to 4.47 ppm, the spectrum showed a 
broad (2 ppm width at hdf height) peak at 
1.71 ppm, a sharp doublet centered at 2.85 

55 ppm (peaks at 2.77 and 2.93 ppm) and a weak 
broad peak (1 ppm wide) at 7J ppm (pos- 
sibly due to unreacted free base). Free uridine 
in D2O gives pmr spectrum widi a doublet 
assigned to the uracil protons at 7.65 ppm 
60 a doublet due to the II. protons at 5.80 

ppm (solvent peak 4.54 and DDS at 0 ppm). 
Free thymine in dj-DMF solutions has a 
sharp peak at 1.72 ppm assigned to methyl 
protons and a broad weak peak at 7.20 ppm 
65 (assigned to H«) with TMS set at 0 ppm. 



The spectrum of die 5,6-dimetfaylinacil com- 
pound contained peaks at 1.76 and 2.07 ppm 
relative to HDO at 4.47 ppm. From tfiese 
spectra we can only conclude ^lat the mag- 
netic environment of die protons in the bases 5 
changes when they become coordinated in 
these blue complexes to increase the shielding 
of the protons. 

The electron scattering for chemical analysis 
(ESCA) measurements on the binding energy 10 
of die 4f electrons in a platinum from X-ray 
Photoelectron Spectroscopy yields a value for 
cfr-Pt(NH3)2Cl2 of 73.02 eV- The platinum 
in the platinum-uradl complex gave a value 
of 73.6 eV. This suggests that the valence 15 
state of platinum in the platinum-uracil is II 
and not IV. 

The electronic absorption spectra of the 
blue precipitate of the platinum-uradl com- 
plex contain broad absorption bands in the 20 
vicinity of 550—650 nm with molar extinc- 
tion coefficients on the order of 500 — 1000 
1 mole~* cm**. The green precipitate fraction 
of the platinum uracil complex contains a 
single broad band near 720 mn of similar in- 25 
tensity. These blue and green compoimds con- 
tain a very intense band near 290 mn. 

The chemotherapeutic activities of the 
'Tlatinum Blue" complexes were determined 
using the ascites Sarcoma-180 tumor in Swiss 50 
White mice. The protocols for these tests 
were as follows: Random bred female Swiss 
White mice (Spartan Laboratory, William- 
ston, Michigan) of 18^ — ^20 grams weight were 
randomized in groups of six. The ascites cells 35 
were removed from the peritoneal cavities of 
animals with approximately 10 day old ascites 
tumors. The cells were washed several times 
with 0.85% saline and spim down each time in 
a refrigerated centrifuge for 3 — ^5 minutes at 40 
750 r.p jn. After the blood was removed from 
the cells, they were diluted with 0.85 % saline 
solution and counted in a hemocytometer. A 
final dilution of 2 x 10^ cells/mL in saline 
was made. Each animal recei^^ 0.2 ml. of 45 
this suspension (4x10* cells/animals). This 
was injected intraperitoneally on day 0 of each 
test. Two groups (12 aninials) were kept as 
negative controls, and the test was termitiated 
at twice the mean day of deadi of the negative 50 
controls. Two groups (12 animals) were the 
positive controls which were injected i.p. on 
day 1 with solution of ctr-dichlorodiammine- 
platinum(II) in saUne at a dose of 7 mg/kg. 
All test compounds were injected i.p. on day 55 
one as a 0.5 ml. volume of the compoimd in 
a carrier of water, physiologic saline or arachis 
oil (peanut oil). Soluble compounds were 
always tested in appropriate solutions, the in- 
soluble ones as a slurry. The slurry was 60 
sonicated for periods of up to 10 minutes to 
insure uniformity of dispersion just prior to 
injections. Generally, four dose levels, in a 
doubling escalation, were tested for each com- 
poirad. Retests were performed if a sufficient 65 
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2^ 

level of drug toxicity at the hi^est dose was 
not leadied. Animals still alive at die comple- 
tion of die tests were considered to have died 
on the day of evaluation. Animals showing no 
5 abdominal distention (by palpation, or visibly) 
on this day considered curedL Some 

cured animals later developed a solid tumor 
around the site of injection of the cells. This 
is believed to be due to a leakage oS. cells 

10 fllcmg the route of the needle on injection, or 
a later leak of cells through the injection hole 
in the peritoneum. In any case, this is con- 
sidered an adventitious effect whidi, when 
care is used in injections and smaller needles 

15 are used, become ne^gible. 

The confounds tested were usually freshly 
prepared and purified. The compounds kept 
for furtiier tpgring were stored in a vacinim 
desiccator in a dark refrigerator to prevent de- 

20 terioration. In general, compotmds of all classes 
tested had toxic levds at 200 mg/kg or 
greater. Toxic levels are considered to be that 
concentration where 2 or more of the 6 animals 
at the dose died within 8 days of injection. 

25 Animals dying after this time overlap with 
the early deatiis of the negative controls. 

For some of the complexes tested, the 
animals exhibited an excessive ext^ion of 
the hind 1^ shortly after injection at high 

30 dose levels. The animals surviving the first two 
days, however, usually survived past the eight- 
day limit for toxic deaths. Some, however, did 
show an early deatii. Ccmsistent with early 



experience with platininn complexes, gross 
hepatic damage was minimal or non-existent 35 
(with the exceptions of Pt(CH8CN)2a2, the 
platinimi-l-metiiyluracil and the platinum-5- 
bromo-l-methyluracil complexes. Peritonitis 
occurred in a similar number of cases at later 
times (day of evaluation, and up to 3 months 40 
later in cured animals). Symptoms of neuro- 
muscular disorders were observed with a few 
compotmds, shortly after bi^ dose injections 
(Le. platinum-uradl green precipitate). No 
symptoms of central nervous system disorders 45 
were ever observed in the test animals. 

Unlike the solid Sarcoma-180, the ascites 
tumor in the Swiss White mice elicits no 
spontaneous regression (0/336), all tumored 
mice die, and die percent of no-takes is zero. 50 
The mean day of death is 17 J, with a small 
standard deviation {±22 days). 

The results of the survey tests are presented 
in Table 2. The letter A indicates the "blue" 
or first isolated precipitate, the letter B, the 55 
"green" or second precipitate. The data shown 
includes the carrier; the dose range tested^ the ■ 
toxic level (see above); die best percent in- 
crease in lifespan (% ILS), the maximum 
being 100% since the experiments were ter- ^ 
minated at twice the mean life span of the 
negative controls; the dose level giving the 
best % ILS; the physical state of the inooilimi 
(solution or slurry); and finally, the number . 
of cured animals (out of 6 in each group). 
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Tables 4-7, respectively, tabulate the MCTV 12 (Rauscba I^raila. vinu m- 
results achieved whm employing the com- '^^)' Ehriich Asates and the ADJ PC6A 5 
plexes of the invenidon against the L1210, (myeloma) tumors. 

TABLE 4 

Effects of 'Platinum Blue' Complexes on the L1210 Tumor in BDF Mice ^ 



Compound 


Dose and Schedule 


% ILS 


Survivors 


uracil Class lA 


50 


mg/kg qid x 5 


.16 


0/3 




100 


9 • » » It 


26 


0/3 




61.25 


q3 hr x 8 


30 


0/3 




30.63 




0 


0/3 




250 


.. 


27 


0/3 




500 




-58 


0/3 


thymine Class lA 


100 


mg/kg qid ^ 5 


. 25 


0/3 




30.63 


q3 hr 8 


32 . 


0/3 




61.25 


» « • • .* » 


32 


0/3 


5,6-dihydrothymine 


50 


mg/kg qid x 5 


36 


0/3 


Class lA 


100 




45 


0/3 




30.63 


q3 hr X 8 


30 


0/3 




61.25 


> * 1 • » 1 


0 


0/3 


l^ethyluracil 


50 


mg/kg qid X 5 


10 


0/3 


Class lA 


100 


» » > f ft 


28 


0/3 




30.63 


q3 hr X 8 


10 


0/3 




61.25 




22 


0/3 



a) All experiments were terminated arbitrarily at 200% ILS and any survivors were 
tabulated at that time. 

AH therapy was started on the third day after tumor transplant. 

Untreated tumor controls died 10—11 days after transplant. 

In some instances efforts to reproduce above results have shown considerable 
variability. 
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TABLE 5 



Effects of cis-Dichlorodiannnin platinum (II) and 'Platinum Blues' on MCDV'12 
(Rauschei Leukemia, Vims Induced) in BALB.'C Mice ^ 



Compound 


Dose and 


Schedule 




kjur V 1 V xii a 


cz s-Di chlorodi ammi ne- 


5 mg/Tcg 


xl 


146 


2/3 


piaunum uij 


8 


9» 








16 „ 


*> 




0/3 


• 

UTECil Olass lA 


50 mg/'kg 


qid X 5 


200 


3/3 




100 „ 










25 


*» >9 


o J 






125 „ 


X 1 


107 


1/3 




61.25,, q3 hrx5 


137 


1/3 




30,63., 




J / 






250 „ 


^ 1 








500 „ 






U/ J 


thymine Class lA 


100 mg/kg 


qid X 5 


124 


1/3 


30.63 „ 


q3 hr X 7 


156 


2/3 




61.25 „ 


»» »f 


103 


1/3 


5, 6 -di hy dro thymine 


50 mg/kg 


qid X 5 


, 157 


2/3 


Class lA 


100 




0 


0/3 




30.63 „ 


q3 hr X 8 


75 


1/3 




61,25 „ 




121 


2/3 


l-methyluracil 


50 mg/'kg 


qid X 5 


88 : ' 


1/3 


Class I A 


100 


** *« 


19 


0/3 




30.63 „ 


q3 hr X 8 


34 


0/3 




61.25 „ 


99 99 


110 


l/'3 



a) All experiments were terminated arbitrarily at 200% ILS and survivors tabulated at 
that time. 



All therapy was started on third day after tumor transplant. 

Untreated tumor controls died 10 — 11 days after transplant. 

In some instances, efforts to reproduce above results have showii considerable 
variability. 
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TABLE 6 

Effects of cis-DichlorodiamminepIatinum CU) and 'Platinum-Uracil Blue' on 
Survival Times of Mice Bearing the Ehrlich Ascites Tumor ^ 



Compound 



Mean Survival Time % Increase in Mean 
Dose (mg kg) days S.D.) Survival Time 



Control 




8.3 ± 1.8 




c I s-D i chl orodi am- 








mineplatinum (II) 


7 


33.8 r 16.9. 


307 ^ 


uracil Class lA 


-100 


24.7 t 7.6 


198 


« • »9 


200 


25.2 ± 7.4 


204 


1 > 93 


300 


36.0 ± 14.2 


334 


Control 




10.1 ± 2.8 




c 1 s-D i ch 1 or o di am- 








mineplatinum (11) 


7 


29.7 ± 4.2 


194 


uracil Class lA 


200 


25.7 ± 4.5 


154 


»> 99 


300 


30.3 ± 6.3 


200 


» » t * 


400 


28.5 t 4.2 


182 



a) 6 mice/group; each mouse received 10' ascites tumor cells on day 0; treatment was 
as a single i. p. injection on day 1. 



b) 2 animals in this group survived >60 days. 



TABLE 7 

Effects of cis-DichloTodiammineplatinum (11) and 'Platinum Blues' on the 
ADJ/PC6A Tumor in Female. C ' Mice ^ 



Compound 



LD, 



ID 90 
(90^c Inhibition) 



Therapeutic Index 



cis-dichlorodiammine- 
platinum (O) 13 mg. kg 1.6 mg kg 

uracil Class lA^ 225 94 



5 , 6 -d i hy dro thymine 
Class lA 135 „ 25 

6-chlorouracil Class lA 200 „ 190 

5-carbethoxyuracil 
Class lA 670 ,, 250 

1-methyluracil Class lA 670 , 50 

5-hydroxymethyluracil 

Class lA ' 40 „ 42 



8.1 
2.4 

5.4 
1.05 

2.7 
13.4 

0.95 



a) Injections, i.p. started 24 days after tumor implant, as single doses. 

b) Injections, i.p. started 24 days after tumor implant, given daily for 5 days. 
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Renal toxidty is the dose limiting side effect 
in higher animals and man under treatmoat 
widi d5-dichloiodiammineplatinmn(n) . It is 
desirable to find other platinum drugs ^^di 
5 cause much less severe rcoial toxid^. Described 
here are the results of histopathological exami- 
nations indicating that the ''Platinum-Uracfl 
Blue"j Qass lA, causes far less impairment of 
the kidneys than does m-dichlorodiammine- 

10 platinimi(II) or c£i-dichloro(bis) cyclopent]^- 
amineplatinum(II), at rou^y compar^le 
dierapeutic levels. 

Hie protocols for diese tests were as fol- 
lows: ^dx group contained six female Swiss 

15 White mice; the tumored animals were givoi 
a transplant of a solid Sarcoma-180 tumor cm 
day 0 and treatment was initiated on day 1; 
the animals were sacrificed on day 10 and the 
tddne}^ removed and prepared for histological 
. 20 evaluation; control groups were non-tumored, 
ncm-treated animals^ and tumored, non-treated 
animals. Multiple sections of each kidney were 
examined. Since cts-dichloro(bis)cycIopent3^- 
amineplatinum(II) is a very insoluble com- 

25 pouncC and usually tested as a slurry in aradiis 
oil, we ielt it necessary to test it as saturated 



solutions in saline in order to be comparable 
with the other drugs. The saturation concen- 
tration caimot be specified other than an esti- 
mate of less than 1 mg/100 ml. A very brief 30 
summary of the results are compiled in Table 
8. The histopathologic degenerative changes 
are dose dependent in all cases. While the 
hi^er dose levels of cis • didilorodiammine- 
platinum (11) and cis - dichloro(bis)cyclo- 35 
pent]4amineplatinum (II) caused generalized 
vacuolar (hydropic) degeneration of the 
proximal convoluted tubules, the higher doses 
of die 'Tlatmum-Uradl Blue" Class lA, pro- 
duced mild degenerative changes gmerally, 40 
with some severe, multiple small foci of 
necrosis. 

Since the function of a kidney containing 
foci of degenerative tissue should be less 
seriously impaired than kidneys in which en- 45 
tire anatomic/physiologic areas (i.e., proximal 
convoluted tubxiles) are involved, it is judged 
that the "Platinum-Uradl Blue" Qass lA, is 
less nephrotoxic, (based upoii renal histo- 
pathologic evidence) than die other two com- 50 
pl^es, when compared at roug^y equivalent 
therapeutic doses. 
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TABLE 8 (Continued) 
3. cis-dichloro(bis-cyclopentylamine)platinum (II) 

Dosage Rate (mg/kg) 

Number of injections and 

time sequence between doses Saturated Solution 



normal 



normal 



Mild to moderate degenerative changes. 
Hydropic degeneration. 

Moderate generalized degenerative 
changes. Hydropic degeneration. 

Mild generalize;d degenerative changes. 
Cloudy swelling. 



The following procedure was utilized to test using the increase in ^e optical density of the 

the anti-microbal activity of the platinum medium as against time. The bacteria were 10 

complexes. The tests were performed with also periodically examined xmder a phase con- 

5 Escherichia coli-wild type, growing in test tube trast microscope for evidence of elongation 

cultures. Using standardized techniques, (filmentation). The results of the tests are 

growth in the medium was examined after set forth in Table 9. 
the incorporation of the various test chemicals. 



10 

(every 3 hours) 
13 

(every 3 hpursX . 
16 

(every 3 hours) 
20 

(every 3 hours) 
7 

(every 24 hours) 
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known titer of Fo\^ Pox Virus. At various 
times thereafter, a single dose of the com- 
pound to be tested is injected onto the chorio- 
allantoic membrane. Since after a period of a 
5 few hours the viral particles have disappeared 
and gone into the "eclipse phase" wherein the 
virion has been incorporated into the cell and 



begun its replication cycle, this test demon- 
strates the ability of the compound tested to 
enter into the cell and to disrupt the viral 10 
multiplication process. The results of these 
* two types of tests are set forth in Tables 10 
and 11. 



TABLE 10 



In Vitro Viral Inactivation of Fowl Pox Virus 

with Platinum-Uracil ^ Complex 

(6 X 10^ ptmg/'ml of Pt. Uracil in incubation mixture) 

Length of incubation (hrs.) Average number 

prior to inoculation of mixture of pock lesions 

into embryonating eggs counted per egg % Reduction^ 



0 Virus-Pt. 


0 


100% 


Virus-H^O 


7.5 




T/6 Virus-Pt. 


0.3 


96.2% 


Vinis-H^O 


8.0 




1/2 Virus-Pt. 


0.5 


92,6% 


Virus-HjO 


6.8 




1 Virus-Pt. 


0 


100% 


Vinis-H^O 


5.4 




2 Virus-Pt. 


0.6 


90.9% 


Virus-H^O 


6.6 




4 Virus-Pt. 


0.25 


94.7% 


Virus-H^O 


4.75 




6 Virus-Pt. 


0.3 


94.3% 


Virus-HjO 


5.2 




8 Virus-Pt. 


0 


100% 


Virus-HjO 


8.0 




' 26 Virus-Pt. 


, 0 ' ' 


100% 


Virus-H^O 


4.6 





^per cent reduction = (1-Pt B\n&/HjO) x 100 
^cis-diaquodiammine Pt OD-Uracil (Ex. 1) 
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TABLE 11 

In Vivo Anti-Viral Activity of Platinum-Uracir"^ 
Complex Against Fowl Pox Virus 
(0.36 mg Pt. Complex/'egg 



Elapsed time (hrs.) between 
inoculation of FPV onto chorio- 
allantoic membrane, and subsequent 
treatment with either Pt-Uracil 
complex or sterile distilled H^O 



Average number of 
pock lesions counted 
per egg. 



% Reduction 



0 Virus-Pt. 


0 


100% 


Virus-H,0 


6.75 




1/6 Virus-Pt. 


1.25 


78.3% 


Virus-Hp 


. 5.75 




1/2 Virus-Pt. 


1.0 


76,8% 


Virus-H^O 


> 4.3 




1 Virus-Pt. 


0 


100% 


Virus-H,0 


7.5 




2 Virus-Pt. 


0.4 


99.9% 


Virus-H,0 


6.8 




4 Virus-Pt. 


1.6 


79.5% 


Viriis-H^ 


7.8 





^ c/s-diaquodiammine Pt OD-Uracil (Ex. 1) 

For the tube inactivation tests, it was found 
Aat the virus is completely inactivated almost 
immediately upon ensure to die platinum- 
uradl complex.- Hie inactivation of viable 
virions closely approaches 100%. This level 
remains at approximately 100% for up to 26 
hours of incubation. TTiis in vitro test demon- 
strates the extremdy effective antf-viral activity 



of the platinum complexes of the invention. 

In Table 12, the in vivo inactivation results 
indicate that up to four hours after the viial 
innoculation, the platinum-iuadl comply is 
still inhibiting the number of pock lesions to 
provide a 68% reduction in the number of 
such lesions. A repetition of this test is given 
in Table 12. 



10 
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TABLE 12 



In Vivo Anti-Viral Activity of Platinum-Uracil ^ 
Complex Against F wl Pox Viras 
(0.36 mg Pt. Blue/egg) 

Elapsed time (hrs.) between 
inoculation of FPV onto chorio- 
allantoic membrane, and subsequent Average number of 
treatment with either Pt*Uracil pock lesions counted 

complex or sterile distilled HjO per egg % Reduction 



0 Virus-Pt 


0.6 


91.1 


Vims-H^O 


6.8 




1/6 Virus-Pt 


0.7 


90.4 


Virus-H^O 


7,0 




1/2 Virus-Pt, 


1.0 


88.1 


Virus-H^O 


8.4 




1 Virus-Pt 


1.6 


82.6 


Virus-HjO 


. 9.2 




2 Virus-Pt 


2.5 


69.5 


Vinis-H,0 


8.2 




4 Virus-Pt 


3.25 


68.3 


Virus^O 


10.25 





^cts-diaquodiammine Pt GD-Uracil (Ex. 1) 

Again, after four hours, approximately 80% 
reduction in the number of pock lesions is 
apparoit after 'innoculation of the virus. 

5 WHAT WE CLAIM IS:— 

1. A platinum - [2,4 - dioxopyrimidine] 
complex prepared by reacting a 2, 4- dioxo- 
pyrimidine having the formula: 




II 

0 

IQ wherein Ri and R2 may be the same or dif- 
ferent and are selected from lower alkyl^ 
. di-lower alkyl amino, di-halo lower al^l 
amino, halogen^ hydroxy, hydroxy lower alkyl, 
and carboloweralkoxy, 

15 R3 and may be the same or different 
and are selected from H, lower allgi ribo^j 
deoxyribosyl, ribosyl, triacet^-, tribenzoyl- or 



2', 3' loweralkylidene ribosyl, ribosyl phos- 
phates and deoxyribosyl phosphates, or 

a 5,6-dihydro derivative thereof 20 
with cis - diaquodiammineplatinum (II) 
wherein die molar ratio of 2,4 - dioxopyrimi- 
dine to cis - diaquodiaromineplatinum (11) is 
from 2:1 to 1:1 at a temperature of m>m 0 
to 55 ^C., and for a time sufficient to form 25 
said complex. 

2. A complex according to claim 1 wherein 
Ri, R2, R3 and R^ are each H. 

3. A complex according to claim 1 wherein 

Ri, R4 and R3 are each H and R2 is CH3. 30 

4. A platinum - [2,4 - dioxopyrimidine] 
complex substantially as described in any one 
of the Samples. 

5. A metiiod of preparing a platinum- 
[2,4 - dioxopyrimidine] complex prepared 35 
by reacting a 2,4 - dioxopyrimidine having 
the formula (I), wherein Ri, R2, R3 and R4 
are as defined in any one of claims 1 to 3 
with cis - diaquodiammineplatinum (11) 
wherein the molar ratio of 2,4 - dioxopjroni- 40 
dine to di - diaquodiammineplatinum (II) is 
£rom 2:1 to 1:1 at a temperature of from 0 

to 55 ^C., and for a time sufficient to form 



23 

said complex and isolating said comfdex. 

6. A method according to claim 5 wherein 
said reaction is conducted in an aqueous 
medium. 

5 7. A method according to claim 6 wherdh 
the pH of said aqueous medium is fnm 3 to 
8. 

8. A method according to any one of claims 
5 to 7 wherein said temperature is room tem- 

10 perature. 

9. A method according to any one of daims 
5 to 8 wherein said reaction is conducted for 
from about 1 to about 21 days. 

10. A method of preparing a platinum- 
15 [2,4 - dioxopyrimidine] complex substantially 

as described in any one of die Examples. 

11. A platinum - [2,4 - dioxopyrimidine] 
complex prepared by a mediod according to 
any one of daims 6 to 10. 

20 12. A composition adapted for intraperi- 
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toneal, intramuscular, subcutaneous or intra- 
vaious injection or per os administration to 
treat cancers, bacterial or viral infections com- 
prising, in d<^ge unit form, a pharmaceu- 
tically acceptable carrier and fo)m 0.1 mg/ml 25 
to 50 mg/ml of a complex according to any 
one of claims 1 to 4 and 11. 

13. A method for the treatment of cancers, 
bacterial and viral infections, comprising the 
administration to a non-human living being 30 
afflicted therewidi from 1 mg/kg to 800 
mg/kg of body wd^t of a complex accord- 
ing to any one of daims 1 to 4 and 11. 
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